Introduction {#Sec1}
============

The coronavirus disease 19 (COVID-19) emerged in late 2019 in the Chinese city of Wuhan. This virus was the third coronavirus resulting in an epidemic, while the previous ones being the severe acute respiratory syndrome virus and the Middle Eastern respiratory syndrome virus \[[@CR1]--[@CR3]\]. The condition is characterized by lower respiratory involvement, causing viral pneumonia, causing clinical signs and symptoms such as fever, coughs, and systemic symptoms of inflammation \[[@CR4]\]. The disease has caused a significant number of deaths around the world. Most of these patients die from severe acute respiratory syndrome, but new evidence suggests that cardiovascular involvement and systemic inflammatory responses causing sepsis may also be involved \[[@CR5]\]. Epidemiologic data suggest that most patients dying are those with old age or pre-existing medical conditions and those with pre-existing needs for medical attention \[[@CR6]\]. To better allocate resources and to avoid overtreatment or undertreatment, some scholars have focused on determining prognostic factors of the disease, such as laboratory tests, the existence of pre-existing conditions, and, most recently, imaging findings \[[@CR7]\]. First reports have shown that computed tomography (CT) has a high sensitivity in diagnosing the disease and can even show abnormalities before molecular assay shows positive results. More so, the extent of involvement may help in clinical decision-making in asymptomatic patients or those with mild to moderate symptoms \[[@CR8], [@CR9]\]. It is worthy to mention that any criteria or factors introduced have to be simple to interpret and should be applied in the over-crowded wards or emergency departments \[[@CR10]\].

Currently, little evidence exists regarding the prognostic features of CT in COVID-19 patients \[[@CR11]\], and limited clinical experience is conveyed by available scientific literature \[[@CR12]\]. Therefore, this study aimed to assess imaging findings in COVID-19 patients and compare CT chest findings in patients who were recovering and who passed away from COVID-19 pneumonia.

Materials and methods {#Sec2}
=====================

Study design {#Sec3}
------------

This was a retrospective study conducted in tertiary medical-educational centers of a consolidated health system, providing service to approximately 4 million people. All patients involved in the study presented to these centers between February 25 and April 15, 2020.

The study was approved by the local ethics board of the institution in which it was performed (IR.UMSU.REC.1399.016). All patients being included in the study had signed informed written consent. The study complied with the latest Helsinki declaration.

Study population {#Sec4}
----------------

All patients enrolled in this study had presented between February 25 and April 15 with symptoms suggestive of COVID-19. All patients had a positive polymerase chain reaction (PCR) test. Past medical records of all patients were reviewed before enrolling in the study. Patients were included in this study and were then followed up until discharge or death. Inclusion criteria consisted of patients with a positive molecular assay for COVID-19 who were hospitalized, who either passed away from the disease or who recovered, and who were discharged from the hospitals. Exclusion criteria consisted of those patients with terminal medical illnesses, such as stage 4 cancers, heart failure, and acute kidney failure; trauma patients; and patients undergoing surgery 1 month before being considered for inclusion. The discharge processes were planned based on the criteria suggested by the Centers for Disease Control (CDC) of the USA and China \[[@CR13]\].

Patients underwent an imaging protocol based on the World Health Organization (WHO) guidelines and institutional guidelines \[[@CR14]\]. Imaging was done after consultation with internists. CT examinations of all patients had been performed on the initial day of admission.

Patients were classified into two groups: the surviving group who were cured after COVID-19 and the deceased group who passed away from COVID-19 pneumonia.

COVID-19 test {#Sec5}
-------------

All patients had a molecular assay done based on the latest guidelines proposed by the World Health Organization \[[@CR15]\]. All of the patients included in the study had a positive PCR test, which was done on a sample of nasopharynx and oropharynx. The kits used for the diagnosis were approved by the Center for Disease Control of China and the World Health Organization. The specificity of the test was assumed to be 100%, and previous studies had shown that the sensitivity of the test was 60%. \[[@CR16]\].

Imaging protocol {#Sec6}
----------------

CT examinations of all patients had been performed prior to admission in the emergency department, using Siemens SOMATOM (Hannover, Germany) scanner based on the following protocol: low-dose mode, automatic tube current modulation with a voltage of 115--120 kV, mAs 250, matrix size of 512 × 512 increments, and thickness of 1.5--2 mm. CT images were reconstructed in both transverse and sagittal planes. No contrast media was injected.

Image analysis {#Sec7}
--------------

CT chest images were reviewed on an online picture archive and communication system (PACS). Review and analysis of the CT images were done by two independent radiologists with at least 10 years of experience in thoracic imaging. Images were assessed based on a checklist adapted from the recommendations of the Radiological Society of North America (RSNA) and by Kanne et al. \[[@CR17], [@CR18]\]. Bilateral involvement was defined as both of the lungs showing abnormal radiologic findings, and multifocal involvement was defined as having multiple lesions in at least two lobes of either of the lungs. Different radiologic signs and patterns of involvement were recorded for all patients. Lung score was determined based on the following \[[@CR19]\]: 0: no involvement, 1: less than 5% of involvement, 2: 6--25% involvement, 3: 26--50% involvement, 4: 51--75% involvement, and 5: involvement more than 75%. In cases of disagreement, a third radiologist reviewed the imaging, and then, a consensus decision was made. The radiologists were blinded to the PCR results and clinical outcomes.

Statistical analysis {#Sec8}
--------------------

The statistical analysis was performed with the help of the SSPS statistical software version 23 (New York, USA). Continuous variables were tested for normal distribution with the Kolmogorov-Smirnov and Shapiro-Wilk tests. The parametric data are presented as median or mean ± standard deviation. The non-parametric data are presented in number and percentage (%). Descriptive statistics were used for descriptive analysis and independent sample *t* test, Pearson's chi-square test, and Fisher's exact test were utilized to analyze the variables and their relations. The receiver operating characteristics (ROC) curve was utilized to calculate the area under the curve and determine a cutoff point for lung scores. An area under the curve between 1 and 0.9 was considered excellent, 0.9 to 0.8 was regarded to be good, 0.8 to 0.7 was fair, and 0.7 to 0.6 was a poor predictor of mortality \[[@CR20]\]. Relative risk (RR) was also calculated regarding the number of lobes involved and clinical outcome (survival or death). The power of the study was calculated by using a repeated measure general linear model and by calculating Pillai's trace, which was calculated to be 80%, and a *p* value of less than 0.05 was considered statistically significant.

Results {#Sec9}
=======

A total of 50 patients were included in this study, of which 27 survived and 23 passed away. Of all the patients, 23 were female and 27 were male. In the first group, 15 were female and 12 were male, while in the second group, eight were female and 15 were male. The difference between the two groups was not statistically significant (*p* = 0.142). The mean age of all of the patients being included in the study was 65.4 ± 16.77 years old. The mean age of patients surviving the disease was 60.93 ± 15.94 years, and in the patients dying was 70.65 ± 16.51 years old, with the difference being significant (*p* = 0.04). Pre-existing conditions for each group of patients and clinical signs are represented in Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"}.Table 1Clinical signs and symptoms and pre-existing medical conditions in patientsClinical signs and symptomsSurviving patientsDeceased patientsTotalFever8 (29.6%)9 (39.1%)17 (34%)Cough11 (40.7%)11 (47.8%)22 (44%)Dyspnea11 (40.7%)14 (60.8%)25 (50%)Chest pain2 (7.1%)3 (13.0%)5 (10%)Nausea2 (7.1%)1 (4.3%)3 (6%)Pharyngitis0 (0.0%)4 (17.3%)4 (8%)Myalgia0 (0.0%)2 (8.6%)2 (4%)Table 2Pre-existing conditions of patients being included in the studyPre-existing conditionsSurviving patientsDeceased patientsTotalAcute coronary syndrome4 (14.8%)8 (34.7%)12 (24%)Hypertension4 (14.8%)6 (26.0%)10 (20%)Pre-existing respiratory condition1 (3.7%)3 (11.1%)4 (8%)Diabetes4 (14.8%)5 (21.7%)9 (18%)Chronic kidney disease1 (3.7%)2 (8.6%)3 (6%)

The imaging findings of patients being included in the study are presented in Table [3](#Tab3){ref-type="table"}. The mean number of segments involved in the surviving patients was 3.46 ± 1.8 lobes, while it was 4.57 ± 0.6 in those dying of the disease, with the difference being significant (*p* = 0.009). Specific CT chest imaging findings of patients with COVID-19 pneumonia are demonstrated in Figs. [1](#Fig1){ref-type="fig"} and [2](#Fig2){ref-type="fig"}; Fig. [1](#Fig1){ref-type="fig"} shows septal thickening and crazy-paving pattern and demonstrates bilateral air bronchogram and reticulonodular lesions, and Fig. [2](#Fig2){ref-type="fig"} shows atelectasis and peribronchovascular involvement, and typical bilateral ground-glass opacities and airspace consolidation.Table 3Radiologic signs and patterns of involvement in two groups of patients (significant variables are italicized)Surviving patientsDeceased patients*p* valueRadiologic signs  Ground-glass opacities22 (81.4%)19 (82.6%)0.71  Crazy-paving5 (18.51%)6 (26.0%)0.5  Airspace consolidation9 (33.3%)12 (52.1%)0.1  Septal thickening13 (48.1%)7 (30.4%)0.38  Reticulonodular lesions4 (14.8%)2 (8.6%)0.68  Tree-in-bud0 (0.0%)0 (0.0%)n/a  Peribronchovascular involvement4 (14.8%)4 (17.3%)0.71  Bronchiectasis1 (3.7%)2 (8.6%)0.56  Cavitation0 (0.0%)0 (0.0%)n/a  Air bronchogram8 (29.6%)13 (56.5%)*0.04*Pattern of involvement  Bilateral23 (85.1%)23 (100%)*0.049*  Unilateral1 (3.7%)0 (0.0%)0.371  Unifocal3 (11.1%)0 (0.0%)0.24  Multifocal21 (77.7%)23 (100%)*0.014*  Peripheral19 (70.3%)15 (65%)0.9  Central11 (40.7%)14 (60.8%)0.154  Anterior9 (33.3%)9 (39.1%)0.52  Posterior21 (77.7%)20 (86.9%)0.26  Mediastinal lymphadenopathy3 (11.1%)4 (17.3%)0.68  Pleural effusion.1 (3.7%)5 (21.7%)0.075Fig. 1Upper row. Right **a** A 114-year-old male passed away from COVID-19 pneumonia. **a** Posterior anterior chest x-ray shows opacities in the lower lobes of both lungs. Center **b** Coronal CT image of the same patient, showing multilobar ground-glass opacities and septal thickening (yellow arrow). Left **c** Axial cut from the same patient shows multifocal ground-glass opacities and crazy-paving, characterized by a superimposed interstitial thickening on ground-glass opacities (yellow arrow). Down row. Right **a** A 60-year-old man passing away from COVID-19. **a** PA chest X-ray on admission, showing haziness in central regions. Center **b** An axial cut of the same patient. The yellow arrow marks an air bronchogram. Left **c** Axial cut showing reticulonodular opacities in both lungs, with the predominance of the left one (yellow arrow). This patient had a severe case of pleural effusion, most prominent on the right side (red arrow)Fig. 2Upper row. An 83-year-old woman who expired from COVID-19. Right **a** PA chest x-ray of the patient, showing haziness and opacities in both lungs, predominantly the basal section of each lung. Center **b** Axial CT imaging showing atelectasis (yellow arrow) and diffuse involvement of both lungs. Left **c** Peribronchovascular involvement in the same patient. Down row. A 36-year-old female patient who survived COVID-19 and was hospitalized for 5 days. Right **a** PA chest x-ray of the patient. Center **b** Typical presentation of COVID-19, peripheral, multifocal ground-glass opacities (examples are shown by the yellow arrow). Left **c** Airspace consolidation is shown in the posterior segment of the right lung (yellow arrow)

A comparison of imaging findings between the two groups is shown in Table [2](#Tab2){ref-type="table"}. The frequency of bilateral lung involvement was significantly higher in the deceased group between the two groups (*p* = 0.04). Air bronchogram was significantly more common in the deceased group (*p* = 0.03). Multifocal involvement was also significantly more in this group (*p* = 0.014). The number of involved lobes was significantly higher in the deceased group (*p* = 0.001). The mean lung score was statistically higher in the deceased group compared with that in the surviving group (15.80 ± 4.52 vs 9.00 ± 6.14, respectively; *p* = 0.0001). The ROC curve for a lung score cutoff of 12 is shown in Fig. [3](#Fig3){ref-type="fig"}. The area under the curve was 0.790, which is considered to be a fair predictor of mortality in patients with a lung score higher than 12. The RR of surviving from COVID-19 pneumonia was 2.150 (95% CI: 1.560--2.962) times higher for COVID-19 patients with two or less lobe involved compared with patients with three or more lobes involved. The RR of surviving in patients with lung score of less than 12 was 2.414 (95% CI: 1.14--5.091) times higher than patients with a lung score equal to 12 or higher.Fig. 3ROC curve for a lung score of 12. The area under the curve was 0.790 (95% CI: 0.669--0.911)

Of the 23 patients dying from the disease, 11 were hospitalized in an intensive care unit (ICU) and nine were intubated. Of the 27 patients surviving, nine had to be hospitalized in an ICU, with 3 of them being intubated. A retrospective study of all of the medical records revealed that none of the patients in the surviving group had any diagnostic workup done for other pulmonary manifestations of COVID-19, such as alveolar hemorrhage or pulmonary thromboembolism (PTE). In the other group, two patients underwent CT angiography to rule out PTE, as both had deteriorated unexpectedly. PTE was ruled out for both patients. One patient in the dying group developed alveolar hemorrhage during hospitalization and was treated by interventional radiologists.

Our retrospective investigation also revealed that two patients from each group developed healthcare-associated pneumonia (HCAP). All four patients had methicillin-resistant *Staphylococcus aureus* (MRSA) isolated from their respiratory tracts.

None of the patients in the surviving group developed acute kidney injury, while six patients from the 23 dying developed AKI during hospitalization or on presentation. Liver enzymes were elevated in 5 patients in the surviving group, while nine patients had elevated liver enzymes in the other group.

Of the patients surviving, 21 received hydroxychloroquine, two received oseltamivir, and 2 received lopinavir and ritonavir. From those dying, ten received hydroxychloroquine, seven received oseltamivir, two received lopinavir--ritonavir, and one patient received ritonavir. None of the patients being included in the study received immunosuppressant agents of any kind.

Discussion {#Sec10}
==========

Our findings showed that bilateral and multifocal involvement was significantly more common in deceased patients. Furthermore, the number of involved lobes and lung score in deceased patients were significantly higher, and air bronchogram was more commonly observed among deceased patients. Lung score of more than 12 was a good predictor of mortality in patients with COVID-19 pneumonia.

Since the beginning of the COVID-19 pandemic, a timely diagnosis has been an important concern. Systemic reviews of the evidence available suggest that CT imaging may have a higher sensitivity compared with molecular assays in countries with a high prevalence of the disease \[[@CR21]\]. A retrospective study performed on 11 patients with COVID-19 pneumonia showed that peripheral ground-glass opacities were seen in all of the patients. Furthermore, compared with non-COVID-19 pneumonia, some radiologic signs, including air bronchogram and reticular patterns, were seen significantly more common in COVID-19 pneumonia \[[@CR22]\]. Other findings such as centrilobular nodules, tree-in-bud appearance, and subpleural linear opacities were more common in non-COVID-19 pneumonia. Interestingly, involvement was more severe in the COVID-19 group, with the mean number of involved lobes and segments being significantly higher (*p =* 0.000 and *p =* 0.000 respectively).

Another clinical concern is screening for COVID-19 patients who are more likely to require intensive medical attention, as the large number of patients presenting to medical centers has overwhelmed the available human resources and existing medical infrastructure \[[@CR23]\]. Based on currently available data, a wide range of clinical data, lab test results, and imaging findings are being considered for prognostic markers of the disease. The neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte (MON) ratio, platelet-to-lymphocyte ratio (PLR), and C-reactive protein have been proposed as prognostic factors in COVID-19 patients. The HR for NLR of 3.3 in predicting severe COVID-19 pneumonia was 2.46 (95% CI: 1.98--4.57) \[[@CR24]\].

Early evidence from the application of imaging as a predictor of disease severity was introduced by Colombi et al. \[[@CR25]\]. In their study, a total of 236 patients were included. One hundred and eight patients were in the ICU/death group, and the rest were patients who were hospitalized in non-intensive wards of the hospital. They found that incorporating clinical data and radiologic factors such as well-aerated lung parenchyma (assessed both visually and software) had a sensitivity of 75% (95% CI: 66--83%), a specificity of 81% (95% CI: 73--88%), a positive predictive value of 77% (95% CI: 69--83%), and negative predictive value of 79% (95% CI: 74--84%), with an area under the curve of 0.86 (95% CI: 0.81--0.90) (*p* value = 0.04). More so, patients with grave clinical outcomes had a higher number of mean lobes involved.

Another cross-sectional study on 120 patients compared imaging findings of those hospitalized in routine wards and intensive care unit (ICU) who survived and those who died following hospitalization. The percentage of total lung involvement calculated by visual assessment by the radiologist for patients expiring or being hospitalized in the intensive care unit (ICU) exceeded that of patients hospitalized in the non-ICU floor. The frequency of pleural effusions, crazy-paving, and air bronchograms was significantly higher in the patients who expired from COVID-19 pneumonia and hospitalized in the ICU, compared with that in the other patients. This study's findings were similar to our findings, although we included more patients dying from COVID-19, which could justify more severe radiologic findings witnessed in our study. Additionally, bilateral lung involvement with multifocal lesions was more common in deceased patients \[[@CR26]\].

Another characteristic of CT imaging is the fact that studies have shown that it can differentiate between various stages of the disease \[[@CR19]\]. In a retrospective study on 21 patients with COVID-19, four distinct stages were defined for disease progression. The first stage was characterized by abundant ground-glass opacities, and the frequency of this finding decreased in higher stages. In stages four and three, the most common finding was consolidation, and stage two was characterized by a transition from ground-glass opacities to consolidations. The most number of involved lobes was seen in stage three of COVID-19 \[[@CR27]\]. Studies suggest that abnormal patterns of involvement, such as co-appearance of crazy-paving, linear opacities, and consolidations in early stages of the disease, may be associated with either rapid progression and poor prognosis or shorter disease course with good prognosis \[[@CR28]\].

Serial CT imaging may prove beneficial in monitoring disease progression, especially in cases with rapid clinical deterioration. Furthermore, serial imaging can determine the extent of damage to the lung tissue after the resolution of clinical signs and symptoms \[[@CR29]\].

In our study, survivors had a significantly lower age than non-survivors, and fewer of them had pre-existing conditions. Older age is associated with irreversible damage to the cellular homeostasis and reduced functionality of body organs, which reduces an organism's capability to efficiently counter-react to external stimuli \[[@CR30]\]. The same can be said for those with irreversible loss of function in critical organs such as the kidneys, liver, and heart. COVID-19 burdens the body with reduced oxygenation, which contributes to the dysfunction of already compromised organs. Exaggerated immune responses to the virus and initiation of a multisystem inflammatory syndrome further reduce the capability of those organs to maintain functionality \[[@CR31]\]. Large-scale clinical studies suggest that old age and specific pre-existing conditions are the most important risk factors for mortality due to COVID-19. Thus, the elderly, who are usually affected by multiple underlying conditions, should be considered high-risk patients and be treated immediately \[[@CR32]\]. In our study, most of the patients received hydroxychloroquine, an anti-malarial agent, or antivirals such as lopinavir/ritonavir and oseltamivir. Based on the already existing evidence, none of these agents has shown beneficence in large-scale studies, and the results of the few studies which have shown efficacy for any of the above agents have not been reproduced in larger scale studies \[[@CR33]\]. Immunosuppressants are agents that have shown promise in the treatment of COVID-19, especially in the gravely ill \[[@CR34]\]. Our subjects did not receive immune suppressants as they were infected by the virus in the early stages of the epidemic when evidence was not abundant. Currently, a wide range of immunosuppressants and novel antiviral agents such as remdesivir and favipiravir are being considered for treatment \[[@CR35]\].

This study had several limitations. Only a group of 50 COVID-19 patients were evaluated in this study, which could limit the generalizability of our findings. This is the common challenge with the majority of studies conducted on COVID-19 pneumonia today. A large-scale multicenter study could confirm these findings. Furthermore, our study was more focused on specific radiologic signs, the number of lobes involved, and the pattern of involvement. This imaging approach and definition is easily perceptible by clinicians in daily clinical practice, while more sophisticated approaches involving lung severity score calculation or application of artificial intelligence algorithms could result in more accurate results.

In conclusion, bilateral lung involvement, the involvement of 3 or more lobes, lung score of more than 12, and air bronchogram on CT chest are associated with a higher likelihood of mortality. These imaging findings should prompt either close monitoring or listing the patient with urgent medical interventions.

Main points {#Sec11}
===========

Air bronchogram and bilateral and multifocal involvement may be a predictor of a worse clinical outcome in COVID-19.Lung score was significantly higher in patients dying from COVID-19 compared with that in those surviving.The area under the curve was 0.790 (95% CI: 0.669--0.911), suggesting a fair predictive value for the curve.
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